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IDENT IFY  AND DEVELOP LOW COST 
MODULE ENCAPSULATION tlATER l ALS 
e POTTANTS 
e COVER F I M S  
e SUSSTRATES 
e ADHESIVES/PR I f lERS 
e ANTI  -:OILING X A T I I E N T S  
PHASE I I 
--- 
MATERIALS R E L I A B I L I T Y  
e AGING AHD L I F E  ASSESSIIE NT 
e ADVANCED STAB I L IZERS 
e CHEMICAL DIAGNOSTICS 
e FLAMMABILITY 
e ELECTRICAL I SOLAT ION 
PHASE I I I 
PROCESS S E N S I T I V I T Y  
b I NTERRELAT I ONSH I PS OF 
e F O W L A T  ION VARIABLES 
o FROCESS VARIABLES 
e MANUFACTURING Y I E U )  ANALYSIS 
(PROCESS DZVEI.OPfIENT SECTION) 
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Module Components 
- SURFACE 
OUTER COVER 
(OR GLASS) 
POTTANT 
. . . .  ( .  . . . . . . . .  
_ . . . . . . . 
. j BACK COVER 
, . .  , .  . ' . (3R SUBSTRAX I 
GASKET/SEAL!NT 
CURREtiT EMPHASIS ON MATERIALS A d  cIOBULE 
PERFORYANCE CHARACTER1 S T  I CS 
r DETERI'IIIUE CI:;tKENT LEVEL OF PERFOWiNCC 
r ENHANCE PERFORMNCE (E . G .  REFORMULAT!irN) 
r SERVICE L I F E  PROGNOSIS 
PERFORMArlCE CRITERIA 
EN'f I RONMNTAL DEGRAXT 1 Clfi 
r ADHESIVE BOND DURABILITY 
r ELECTR l CAL I rlTEGR I TY 
r F i A M 4 B I L I T Y  
RELIABILITY PHYSICS 
Module Flammability 
0 MOST MODULES CONZTRUCTIONS NOT PASSING 
UL-,YO BURNING BRAND TEST 
MECHANISM: APPEARS TO BE RUPTURE OF THE 
BACK COVER WITH THE EVOLiiTIOh OF YURNING 
GASSES 
0 blODULf5 CAN BURN BUT MUST NOT SERVE AS AN 
IGNIT ION SOURCE TO GiHER STRUCTURES 
0 NODULES WITH KAPTOR BACK COVERS ( HIGH 
STRENGTH P A 3  TEST DUE TO ABIL ITY  TO 
RETAIN COMBUST 1 BLE GASSES 
PYRCLY 2 I NG 
P X Y M E R  
COHBUSTIBLE GASSES 
0 KAPTON I S  VERY EXPENSIVE 
-
e INEXPENSIVE HIGH STRENGTH HIGH TL'IPERATURE 
BACK COVER NEEDED 
4 RELIABILITY PHYSICS 
I Module Flammability 
GOAL : 
0 PREVENT SPREAD OF F U W  
Q PASS UL-790  
APPROACHES : 
(1) HIGH STRENGTH HEAT RESISTANT BACK COVERS 
0 CERAMIC PAPER 
0 POLYilER F I L Y  LAlYIHATES WITH G U S 5  
SCRIf l  REINFORCEMENT 
0 METAL FOILS 
0 RESIN IMPREGNATED GL4SS CLOTH 
(2) REDUCT ION OF COMBUST 1 BLE RATER IALS 
0 THINNING OF POTTANT LAYER 
(3) F I R E  RETARDANT ADDITiVES 
0 INERT D I LUEHTS (TALC, CALCIUM CARBONATE) 
0 RELEASE OF WATER WITH HEAT ALUMIW 
TRIHYDRATE (35I WATER) 
0 FIRE RETARDARTS ( FREE RADICAL TRAPS) 
ANTIilONY OXIDE, ZINC BORATE 
BRMINATED ORGAN I CS 
OkGAFi I C  PHOSPHATES 
(4) COMBINATION OF ALL THREE 
RELIABILITY PHYSICS 
EVALUATION OF CANDIDATE TECHNIQUES 
CONVENT I ONAL : 
r UL-94 VERTICAL BURN TEST 
o ASTM E-262 FLAME SPREAD INDEX 
0 ASTMD-2863L IMlT INGOXYGEN INDEX 
FCft BACK COVERS: 
r CONSTRUCT SPECIAL APPARATUS 
r DETERMINE BURST STRENGTH AS FUNCTIOH 
OF TEMPERATURE AND PRESSURE 
r LORRELATE TO ACTUAL EFFECTIVENESS 
UNDER FIRE CONDITIONS 
0 DElERAINE ADD-ON COST FOR IflPROVEMENT 
I N  FIRE RATING 
0 RECMEND CANDIDATES FOR UL-790 
TEST I NG 
RELIABILITY PHYSICS 
Electrical Isolation 
0 POTTANTS AND COVER FIU.IS SERVE AS ELECTRICAL 
INSULATION 
0 NEED TO KNOW THICKNESS REQUIRED FOR VOUTAGE 
STANDOFF 
0 VARIATION WITH TEFIPERATURE, ABSORBED WATER 
0 HEED TO KNOH VARiATION DIELECTRIC STRENGrY 
WITH AGING: 
LIGHT, HEAT, HUMIDITY, F I E L D  STRESS 
USE DC DIELECTRIC TEST APPARATUS 
T I P  TO T I P  SmMETRlC ELECTRODES 
SPECIFIED RATE OF R I S E  
PLOT AVERAGE BREAKDOWN VOLTAGE, VA VS THICKNESS 
STRAIGHT L I N E  RELATIONSHIP : 
SLOPE CGNSIDERED TO BE THE INTRINSIC 
DIELECTRIC STRENGTH, DV/DT 
MEASUREMElYTS TO DATE: 
EVA DV/DT = 3.65 KV/ M I L  
REflE.4SURE DV/DT : 
0 THERMAL AGil lG 
e WATER ABSORPTION 
0 ENVIRONMENTAL EXPOSURE 
0 F I E L D  STRESS AGING 
RECALCULATE THE REQUIRED INSULAT I OH TH I CKHESS 
FOR SERVICE L I F E  OF THE MODULE 
RELIABILITY PHVSICS 
Adhesion Experiments 
SELF-PRIf.lING FORMUlAT IONS 
(TO SUNADEX GLASS) 
- 
WTTAHT/PRIMER LEVEL (PHR) 
- - 
CONTROL* 1 2  MONTHS~STOAAGE 
EVA A9918 0.25 
2-6030 0.05 
EVA 152954 0.25 
2-6030 0.05 
BCNDS ALSO STABLE TO WATER IMMERSION AND BOILING WATER 
r STJBLE TO STORACE tONDITIOtiS (12 NO, TO DATE) 
AT 0.25 PHR LEVEL, .05 PHR NOT AS STABLE 
r NOW COMMERC I ALLY AVAILABLE (SPRINGBORN) 
EVA A9918-P (LUPERSOL 101 CURE) 
EVA 15295-P (TBEC CURE) 
r 'UORK!NG ON INTERNAL PRIMING FOR CELL STRING AlJD 
METALLIZATION (MORE DIFFICULT TO PRIME) 
RELIABILITY PHYSICS 
CONTINUED PRIMER STUDIES: 
a EVALUATE THE THREE "BASIC" PRIMERS - 
DR, PLUEnDENANN - DOH CORNIlG 
a POLYMER/METAL 
0 POLYMER/ INORGANIC 
a POLYMER/ORGAN I C 
a METAL PRIWER (ALUMINUM) RECOMMENDAT IONS 
DR. J I M  BOER10 - UNIVERSITY OF ClNClHNATI  
ADHESION DIAGNOSTICS : 
a HOW DURABLE ARE ADHESIVE BONDS? 
UNDER WHAT CONDITIONS? 
a SUC1:CSSFUL SPECTROSCOPIC EXAMINATION OF GLASS/ 
PRIMER INTERFACE - DR. JACK KOENIG - 
CASE WESTERN RESERVE 
a EVA COMPOUNDED WITH HIGH LOADINGS OF SIL4NE 
TREATED GLASS BEADS 
0 SPECIMENS AT CASE WESIERN FOR "DRIFT" 
ANALYSIS (CHEMICAL) 
a IDENTICAL SPECIMENS AT SPRINGBORN FOR 
MECHAN I CAL ANALYSIS 
0 HYDROLYTIC AGING 
r CORRELATE CHEMICAL OBSERVATIONS WITH 
MECHANICAL PERFORMANCE 
a 3ETERMINE DEGRADATION RATES 
a ASSESS SERVICE L I F E  
Accelerated Aging 
OUTDOOR PHOTOTHERMAL AGING DEVICES 
(OPT) 
USE NATURAL SUNLIGHT, AVOIDS SPECTRAL 
DISTRIBUTION PROBERS WITH ARTIFICIAL 
LIGHT SOURCES 
USE TFMPFRATURF TO ACCELERATE IHE PHOTO- 
THERMAL REACT I ON 
INCLUDES DARK CYCLE REACTIONS 
INCLUDES DEGI/MIN EXTPACTION 
lNTENDED PRIMARI i Y  FOR MODULE EXPOSURE 
-
EXTRAPOLATE EFFECTS TO LOWER TEMPERATURES 
RELIABILITY PHYSICS 
RELIABILITY PHYSICS 
HODULE EXPOSURE: OPT 10SOc, 7,000 HRS 
A L L  SHOW SEVERE COPPER REACTION 
BEST P E R F O W N C E  : EVA-ADVANCED STAB1 L I Z E R  
TBEC, UV-2098, TIElUVIN 7 7 0  
VIRTUALLY NO D E G W A T I O N  APPARENT 
CONSPICUOUS DEGRAIlATIOfJ I N  OTHERS 
GlASS FRACTURE - TtiERTAL SHOCK 
illODULE EXPOSURE: OPT 70°c, 7 0 0 0  HRS, 
SO% COPPER REACTION Y/EVA 9 9 1 8  
NO OTHER EFFECTS NOTICEABLE 
U X F U L  FOR EVALUATING CAND 1 DATE 
I~RMULAT 1ONS - COMPAR I SOH 
QUJATES UHOLE I4ODULES 
IlEi'ERMINE UPPER LEVEL SERVICE 
TEilPERATlJRES 
YODELLING : 
m ARRHENIUS : LOG P VS. ~ / K O  
r PREDICT SERVICE L I F E  BY EXTRAPOLATION 
TO LOWER TEHPERATURES 
m TIXE TO ONSET OF DEGRADATIOfi 
(It4DUCTIOti PERIOD) 
a PROBABILITY DIST'RIBUTION-FAILURE 
EXAMPLE : POLYPROPYLENE - i NDUCTION TIME 
TIME, hOURS 
RELIABILITY PHYSICS 
Advanced Stabilizers 
GENERAL DEGRADATION STABILIZATION 
a _BPPrT lVE 
LIGHT (UV) 
ABSORPTION -> SCREENERS 
4 
EXCITED SPEC I ES- QUENCt IERS 
(ACTIVATED KETONES) 
5. 
RADICALS *-FRE RAD I C A I  
P'dl SCAVENGERS 
4 + 0 2  
ROGH -HYDROPEROXIDE 
(HYDROPEROXIDES DECOMPOSERS 
S 
Pa, RO*, HO* 
AUTOCATALYTIC DEGRADATION 
QUENCHERS STRONGLY COLORED - NOT USED 
LONG TERM STAB I LIZERS : 
0 GXIDATIVELY STABLE 
NON-FUGITIVE 
UV-2098 (AMERICAN CYANAFlIDE) BEST SCREENER 
FOUND TO DATE (CO-REACTIVE BEHZOPHENEONE) 
HINDERU) M I N E  LIGKT SJABIL17ERS ( H A L 9  
FREE RADICAL TRAPS AND HYDROPEROX IDE 
DECOMPOS I T 1  ON 
COMBINATION OF SCREENER AND HALS BEST 
STAB 1 LIZER PACKAGE 
RELIABILITY PHYSICS 
e H l GH EFFICIENCY FROM REGENERAT I VE CHEK I STRY : 
ACTIVE SPECIES KtCYCLES - NON SACRIFICIAL 
e EVALUATION OF CANDIDATES : 
e EVA, TBEC CURE, 0,lX HALS 
e X ELONGATION VERSUS T l M i  
e OPT E V I C E ,  9 0  OC 
0 COiiTROL CHIMASORB 9 4 4  
A TI f iUVIN 770 A UV - 3346  
4 0 0  
PERCENT 
ELONGAT I OH 
EXPOSURE, HOURS 
e FAILURE: LOSS OR CONSUi4PTION OF CHWISTRY? 
NEED FOR ANALYTICAL METHOD 
CYASORB UV-336 (CYANAMIDE) CLEARLY BETTER 
e SY STEN EVALUATION : EVA/TBEC/UW ZO98/UV-3346 
MODULES, ADHESlOdj F W B I L I T Y j  ETC. 
RELIABILITY PHYSICS 
Antisoiling Treatments 
SURFACE CHEMISTRt : 
r HARD 
r SMCOTH 
e HY' .ROPHQB I C 
e OLEOPHOBIC 
e ION FREE 
e LOW SURFACE ENERGY 
SURFACE INVEST I GATED : 
r SUNADEX GLASS 
e TEDlAR (100 BG 3 0  UT 
r ACRYLAR ( A C R Y L I C F I L R )  
TREATMENTS REMA I Y I NG : 
r L-1668  FLUOROSILANE ( 3M ) 
r E-3820 PERFLUOROOECANO I C  AC I!?/ 
SILANE (DO# CORNING 
r S T I L L  EFFECTIVE AT 38 MONTHS 
OUTDOOR EXPCSURE 
r RESULTS I N  IMPROVED POWER OUTPUT 
e FLUOROALKYL S I  U N E  CHENISTRY 
APPEARS TO BE MGST EFFECTIVE 
RELIABILITY PHYSICS 
S9iling Experiments 
THIRTY -TWO ROHTHS EXPOSURE 
ENF IEU), CONNECT l CUT 
X LOSS I N  I, WITH STANDARD CELL TREATED 
TEDLAR 100BG300UT 
(SUPPORT ON GLASS) 
38 MONTHS EXPOSURE 
CONTROL, HO COATING 
- _ - - _  E-3820  COATING (BEST) 
ESTIMATED AVERAGE POWER IMPROVEMENT, 3.8% 
RELIABILITY PHYSICS 
TH I RN-TWO MNTHS EXPOSURE 
ENF I ELD, CONNECT I CUT 
Z LbSS I N  I,, WlTH STANDARD CELL TREATED ACRYUR 
(SUPPORTED ON GLASS) 
38 MONTHS EXPOSURE 
CONTROL, NO TREATMNT 
,,,,,, OZONE WlTH E-3820 (BEST) 
ESTIMTED AVEMGE POWER ItlPROVEAENT, 3 . 3  
_ 1  
RELIABILITY PHYSICS 
THIRTY -TWO MONTHS EXPOSURE 
ENF I EU), CONNECT I CUT 
2 LOSS I N  I,, WIT! STANDARD CELL TREATED 
SUNDEX GLASS 
38 VONTHS EXPOSURE 
CONTROL, NO i'REATMENT 
------- E-3&0 ( E N )  
.... ....... RAINFALL, I K Y E S  
ESTIHATEL RYERAGE POWER IMPROVEMWT, I f  
RELIABILIT'Y PHYSICS 
Antisoiling Coatings 
r S T I L L  EFFECi iVE AFTER THREE YEARS OUTDOOR 
EXPCSURE 
r PERMNERCE APPEARS TO BE GOOD 
r POSSIBILITY FOR IMPROVED PERFORMANCE BY 
INCREASING SO1 i REPLELlANCY 
kEW CANDIAlE(S1: 
e LCWEST SGRFACE ENERGY EVER REPORTED: 
POLYflER OF PERFLUORO-CCTYL METHPCRYLATE 
= 10.6 DYNE CM-' 
r REACT WITH TRIMEFtdXY HYDROGEN S I L N E  TO 
FORPI ADDUCT WITH GLASS-REACTIVE GROUP 
r EVALUATE IN S b I L I N E  TESTS 
x -! 
?, RELIABILITY PHYSICS 
Outer Covers (Substrate Design) 
r iOW COST UV SCREEIiIHG FILMS COMMERCIALLY AVAILABLE 
r PROBLEMS : SHRINKAGE, STAB1 LIZER EXTRACTIOH ADHESION, 
WEATHER STAB I L I T Y  
0 POTTANTS APPEM TO HAVE GOOD STABi L I T Y  
8 NON-SCREEMING CAt4D:DATE C I  LRS CLEAR, WEATHERABLE, 
BOIiGABLE ? 
cop 
F I L A  
-- 
REF. If4PEX 
- .-- -.  
Z T S/FT /WIL 
p-. 
TEFZEL 1 . 4 0 3  8 5 . 6  0.128 
KAYElAR 1 . 4 2 0  8 8 . 8  3 . 0 5 5  
HALAR 1,110 85.3 0 . 0 9 6  
F A  1 , 3 0  85 .4  0 . 1 2 3  
FEP 1 , 3 4  93.6 0,139 
r FEP MAY 8E GOOD CHOICE: 
0 HIGH TRANSPARENCY 
r OUTSTANDING WEATHERABILITY 
r MAY IMPROVE OPTICAL THROUGHPUT BY 2% DUE 
TO OPTICAL COUPLING 
0 REQUIRES PPIMER TXHKOLOGY 
0 WILL BE EVALVATED I N  MODlILE FABRICATION 
AND OUTDOOR EXPOSURE EXPERIMENTS 
Conclusions 
RELlABlLlTY PHYSICS 
e OUTDOOR PHr)TOT:iEPMAL AG!NG DEVi CFS (OPT) 
e SEST ACCELERATED AGING METHOD 
DISCOVERED YET 
e SIMULATES WORST CASE f lELD iOi iDITIOtrS 
u EVALUATE t0.9ilULAT IONS 
e EVALUATE IIODULE PERFORMNCE 
e POSSIBLITY FOR L I F E  ASSESSMENT 
AVOID METALLIC COPPER EXPOSURE 
e SELF PJ IMI i iG  FORMULAT! ONS HAVE 60013 S:O$AGE 
STABILITY AT 0 . 2 5  PHR 1 
e STABILIZEPS - ENHANCED PERFORMAiKE 
e UV-2098 UV SCREENES 
e UV-3346 HINDERED 4f l INE ( HALS ) 
0 S l I L  RESISTANCE TREATMENTS ST1 L L  tFFECTIVE 
L ,  *. . " 
RELIABILITY PHYSICS 
Future Work 
r FLAMMABILITY : F I RE RETARDANTS 
AND F U H E  RESISTANT WORK COVC?S 
0 ELECTRICAL INTEGRITY: DIELECTRIC 
STRENGTH VERSUS AGING OF 
ENCAPSUUT ION MATERIALS 
2DHESION DIAGNOSTICS AND SERVICE 
L I F E  ASSESSMENT 
e MODULE EVALUATION: EVA POTTANT 
WITH ADVANCED STAB1 L I Z E 8  PACKAGE 
NEW ANT I -SOIL ING CONCEPTS 
r MODLIE SERVICE L I F E  ASSESSMENT 
( PHASE I I I j 
r PROCESS AND MANUFACTURING VARIABLES 
